Purpose: To estimate the roles of triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio and uric acid in predisposition for metabolic syndrome (MetS) and its components in healthy children. Methods: Anthropometric and biochemical analyses were performed on 110 children, aged 5 to 12 years, from the Greek county of Laconia. The children were studied as a whole population and in separate groups according to age and predisposition to MetS after taking into consideration International Diabetes Federation criteria, body mass index, and lipid profile. Results: Seventeen percent of children exhibited predisposition to MetS, while 39.1% had TG/HDL ratio >1, and 3.64% had high level of uric acid. According to a receiver operating characteristic curve analysis, the relative probability for MetS predisposition sextupled when TG/HDL ratio was ≥1 (odds ratio [OR], 5.986; 95% confidence interval [CI], 1. 968-18.205). Children in the total population and those aged < 9 years had a greater probability for increased low-density lipoprotein (LDL) cholesterol (OR, 3.614; 95% CI, 1.561-8.365) when TG/HDL ratio was ≥ 1. The TG/HDL ratio was positively correlated with body mass index (BMI) (P=0.035) in children without MetS, cholesterol in the total population (P=0.06) and children ≥9 years old (P=0.026), and with LDL in the total population and both age groups (P=0.001). The TG/HDL ratio was also positively correlated with alanine aminotransferase in the total population (P=0.033) and gamma-glutamyl transferase in most studied groups (P<0.001). Uric acid was positively correlated with waist circumference in the total population (P=0.043) and in those without MetS (P=0.027). It was also positively correlated with BMI, TG, cholesterol, and TG/HDL ratio and negatively correlated with HDL in most studied groups (P<0.005). Conclusion: The studied parameters correlated with MetS components and could be characterized as effective indexes for childhood MetS, regardless of age and predisposition to MetS.
Introduction
Metabolic syndrome (MetS) consists of 6 components that probably lead to type 2 diabetes mellitus and cardiovascular disease: central fat adiposity, hypertension, atherogenic dyslipidemia, glucose intolerance, a proinflammatory state, and a prothrombotic state. 1) These disturbances may occur in early childhood and persist into adulthood. 2) In MetS, hypertriglyceridemia, as a part of atherogenic dyslipidemia, causes a reduction in high-density lipoprotein (HDL) cholesterol level and an increase in small, low-density
The roles of triglyceride/high-density lipoprotein cholesterol ratio and uric acid as predisposing factors for metabolic syndrome in healthy children www.e-apem.org lipoprotein (LDL) particles, leading to high risk of myocardial infarction. 3) HDL cholesterol plays a protective role against atherogenic procedures by delivering excess cholesterol to the liver, inhibiting LDL oxidation, arousing prostacyclin secretion, and decreasing platelet aggregation. 4) Previous studies indicate that it is not always possible to determine the increase of LDL particle size, which is a cause of hypetriglyridemia. 3) For that reason, triglyceride (TG)/HDL ratio has been considered a useful and accurate marker of atherogenicity. 3, 5) Liver and muscle tissue quantities also play crucial roles in development of diabetes mellitus. The TG/HDL ratio could be considered a marker for insulin resistance. 5) Uric acid is also correlated with development of MetS. 6, 7) It is an antioxidant and plays a compensatory role in oxidative stress, such as stress associated with coronary disease. 6) Despite its antioxidant role in the extracellular environment, uric acid has a detrimental impact in intracellular locations and is predictive of complications associated with MetS, including diabetes mellitus, hypertension, and renal dysfunction. 7, 8) Uric acid and TG/HDL ratio are not included in International Diabetes Federation (IDF) criteria for MetS, despite both TG and HDL included as individual components of the criteria. 9) However, TG/HDL ratio and uric acid appear to play key roles in metabolic disorders. In obese children, TG/HDL ratio may be characterized as a predisposing factor for MetS and its components. [10] [11] [12] Similarly, uric acid plays a contributing role in development of childhood MetS. [13] [14] [15] [16] [17] While most studies of the roles of uric acid and TG/HDL have involved only adults, some research has been performed over the last 5 years on children and adolescent populations. More emphasis is given to obese children, especially with respect to the role of TG/HDL ratio.
Given the lack of knowledge, the aim of the present study was to investigate the correlations of TG/HDL ratio and uric acid with MetS and its components, taking into account age and predisposition to MetS.
Materials and methods

Studied population and ethics
The current survey was conducted in the Prefecture of Laconia, Greece, under the "Prevention of childhood obesity and type 2 diabetes mellitus" educational program. The survey was approved by the Hellenic Ministry of Education, Department of Healthcare and Environmental Education (No 6884/67), according to the provisions of the Helsinki declaration of 1975, as revised in 1983.
A total of 110 children volunteers aged 5 to 12 years was enrolled in the study. Children were randomly selected from 8 of the 18 primary schools and kindergartens in Laconia. Multistage stratified sampling was conducted. Parents and/ or guardians provided informed consent for anthropometric measurements and biochemical analysis. Children who were systematically taking medication, children with diagnosed chronic disease, and children with premature adrenarche were excluded from the study. Anonymity of the school, parents, and children was assured. No personal data were collected. The sample size was sufficient to evaluate standardized differences greater than 0.5 between the investigated parameters, achieving statistical power >0.80 at a P<0.05.
Anthropometric characteristics
Height, weight, waist circumference (WC), and hip circumference (HC) of all participants were measured. Body mass index (BMI) and WC were calculated in accordance with each child's age and sex. 18) HC/WC ratio was also calculated. Blood pressure was measured twice for each child, with a 10-minute break between measurements. The final value used for further analysis for blood pressure was the mean of the 2 measurements.
Laboratory measures, blood samples, and serum assays
Peripheral blood samples from 110 fasting children were gathered. Complete biochemical tests were performed for blood lipid profile, fasting blood glucose (FBG), and markers of liver function. Serum analyses were conducted using the same procedure and at the same lab with the use of a biochemical analyzer (Olympus AU600, Olympus, Tokyo, Japan). TG/HDL and cholesterol/HDL ratios, which indicate the risk for coronary artery disease (CAD), were also calculated. CAD as an index has high sensitivity and specificity for cardiovascular disease risk factors-higher than that of cholesterol or HDL separately. 19) 
Diagnostic criteria for MetS predisposition
MetS can be characterized as a combination of 3 or more components of obesity, abnormal glucose homeostasis, hyper tension, and dyslipidemia. 20) In the current study, MetS diagnoses were based on IDF criteria 9) in combination with endothelial dysfunction risk factors of BMI ≤85th percentile, fasting LDL ≤100 mg/dL, and total cholesterol ≤200 mg/ dL. 2, 21, 22) Consequently, in this study, a child was characterized as predisposed for MetS when 3 or more factors from the following coexisted: increased WC%, BMI%, FBG, fasting TG, blood pressure, fasting LDL, and total cholesterol and decreased fasting HDL.
Studied categories
The onset of puberty in females is defined as the beginning of breast development and in males as testicular volume >3 mL. These changes typically occur after the age of 8 years in girls and 9 in boys. In Greece, the mean age of pubertal onset has been reported at approximately 10 years. Metabolic parameters appear to be affected by onset of puberty. The current study considered an average age of 9 years for puberty onset to study the effects on metabolism. Specifically, children were placed in www.e-apem.org 4 subcategories according to age and predisposition to MetS. Specifically, children were studied as a whole population and in the following subcategories: children with (n=19) or without (n=91) predisposition for MetS and children aged <9 (n=51) years or ≥9 years (n=59) after taking into consideration the approximate age of tanner stage 2 onset. 23, 24) After studying these subcategories, the independent impacts of obesity and central fat deposition on TG/HDL and uric acid roles were also investigated by studying separately overweight children, children with central obesity, and children with normal BMI (kg/m 2 ) and WC.
Statistical analysis
Pearson correlation was used to evaluate the relationships between quantitative variables. Logistic regression analysis was performed; specifically, odds ratios (ORs) were calculated to measure the associations between categorical variables. Statistical analysis was performed using IBM SPSS Statistics ver. 24 .0 (IBM Co., Armonk, NY, USA), with a significance level set at 5%.
Results
Studied population
Boys and girls were equally distributed (50% for each group). Slightly more than half (53.6%) of the children were ≥9 years old. A total of 39.1% had BMI%≥85, and 71.8% had a WC%≥95. Of the studied population, 17.27% was predisposed to MetS (with 3 or more predisposition parameters). Table 1 depicts baseline the biochemical and anthropometric characteristics of all studied subcategories.
TG/HDL ratio as a predisposing factor for MetS
The TG/HDL ratio was >1 in 39.1% of the participants (43 children): 2:1 in 3.6% of the participants (4 children), 3:1 in 1.8% (2 children), and 4:1 in 1.8% (2 children).
Receiver operating characteristic curve (ROC) analysis showed that TG/HDL ratio had high sensitivity (73.7%) and specificity (68.1%) for MetS predisposition with a cutoff point of 1 (specifically 1.0082). The area under the curve was 0.722 (95% confidence interval [CI], 0.595-0.849), which indicates diagnostic accuracy. The percentage of correct classification was 69.1.
The relative probability (odds for diagnosing a child with predisposition) for MetS when the TG/HDL ratio was greater than 1 was almost 6 times greater than the relative probability (odds) when TG/HDL ratio was less than 1 (OR, 5.986; 95% CI, 1.968-18.205).
Correlations between TG/HDL ratio, anthropometric characteristics, and biochemical markers
The analysis was performed in all subcategories as mentioned www.e-apem.org above. Table 2 depicts briefly the correlations with TG/HDL  ratio. 1) TG/HDL ratio and anthropometric characteristics TG/HDL ratio was positively correlated with BMI% (P=0.035) in children without predisposition for MetS.
2) TG/HDL ratio and lipid profile TG/HDL ratio was positively correlated with cholesterol (P=0.06) in the total population and in children aged ≥9 years (P=0.026). It was also positively correlated with LDL in the total population (P=0.001) and in children of both age groups (P=0.01). TG/HDL ratio was positively correlated with CAD (P<0.001) in all studied categories.
According to logistic regression analysis, children had a greater relative probability of having higher LDL when TG/ HDL ratio was ≥1. Specifically, the odds for increased LDL (>100 mg/dL) were 3.6 times greater for children in the total population (OR, 3.614; 95% CI, 1.561-8.365) and 8 times greater for children aged < 9 years (OR, 8.000; 95% CI, 2.062-31.041).
3) TG/HDL ratio and liver enzymes TG/HDL ratio was positively correlated with alanine aminotransferase (ALT/SGPT) (P=0.033) in the total population. Additionally, it was positively correlated with gammaglutamyl transferase (GGT) (P<0.001) in the total population, in children predisposed to MetS (P=0.002), and in children ≥ 9 years old (P=0.002).
Correlations between uric acid, anthropometric characteristics, and biochemical markers
Analysis was performed in all subcategories mentioned above. Table 3 summarizes the correlations with uric acid.
1) Uric acid and anthropometric characteristics
A positive correlation between uric acid and BMI was found in the total population (P<0.01), in children with (P=0.007) and without (P<0.001) predisposition for MetS, and in children ≥9 years old (P=0.01). Uric acid was also positively correlated with WC in the total population (P=0.043) and in children without predisposition for MetS (P=0.027). Finally, uric acid was negatively correlated with HC/WC ratio in the total population (P=0.025).
2) Uric acid and lipid profile Uric acid was positively correlated with triglycerides in the total population (P=0.008), in children with predisposition for MetS (P=0.002), and in children younger than 9 years (P=0.038). It was also positively associated with CAD in the total population (P=0.006), in children with (P=0.037) and without (P=0.008) predisposition for MetS, and in children younger than 9 (P=0.029). A negative correlation between uric acid and HDL was found in all studied categories (P<0.001). Moreover, it was positively correlated with TG/HDL ratio in children without predisposition for MetS (P=0.002) and in children younger than 9 (P=0.017).
3) Uric acid and liver enzymes
In the total population, uric acid was positively correlated with GGT (P=0.037) and alkaline phosphatase (ALP) (P=0.036).
TG/HDL ratio and uric acid in correlation to BMI and WC
To investigate the roles of obesity and central obesity, children were studied separately according to BMI% (<85% or ≥85%) and WC% (<95% or ≥95%). No statistically important correlation found regarding TG/HDL ratio and the studied parameters. However, uric acid appeared to have some statistically important correlations, which are listed in Table 4 . Table 4 . Correlation analysis study between uric acid, biochemical markers and anthropometric characteristics in children categorized according to their BMI% and WC%. www.e-apem.org
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Discussion
The aim of this study was to estimate how TG/HDL ratio and uric acid are associated with biochemical markers and anthropometric characteristics in healthy children aged 5 to 12. Both parameters were positively correlated with a congested lipid profile, obesity, and visceral fat deposition from early childhood, predisposing them to MetS and its complications.
Because our previous study determined that lifestyle habits have more beneficial effects in children without MetS, 2) we investigated if TG/HDL ratio and uric acid have special roles in metabolic parameters according to predisposition for MetS.
Previous research has shown that high TG/HDL (>4) is an important and independent predictor of coronary disease in adults. 25) Regarding obese children and adolescents, TG/ HDL ratio has high sensitivity (80%) and specificity (75%) for MetS with a cutoff point of 1.25. 10) The present study also showed through an ROC analysis that a ratio >1 sextuples the possibility of predisposition to MetS, despite the normal ranges of triglycerides and HDL as 2 single factors, in the majority of children. This indicates that children are at high risk, especially if we take into consideration that 39.1% of them had TG/HDL ratio>1.
In the current survey, TG/HDL ratio was positively correlated with CAD, triglycerides, cholesterol, and LDL and negatively correlated with HDL. Our results expand on previous studies that found a close relationship between TG/HDL ratio and risk of cardiovascular disease. 3) Triglycerides are correlated with an increased population of small, dense LDL particles, which enhance the transfer of cholesteryl esters from HDL to apolipoprotein B. 26) However, the role of HDL is different; it has an antithrombotic effect, reversing the endothelial cell dysfunction. 4) TG/HDL ratio is positively correlated with small, dense LDL particles, which are characterized as atherogenic and predispose patients to cardiovascular disorders. 3) The present study identified positive correlation among TG/HDL ratio, BMI, ALT/SGPT, and GGT. It has been established that TG/HDL is associated with increased BMI and WC in children and can leading to metabolic disorders. 27) Adipose tissue inflammation is involved in development of diabetes and cardiovascular disease, especially in obese people. Insulin resistance is therefore correlated with fatty acid accumulation in the liver, which reduced endogenous liver glucose production. 27, 28) In addition, TG/HDL ratio has been characterized as a preclinical sign of nonalcoholic fatty liver disease (NAFLD) in children. 27) Regarding the role of uric acid in predisposition for MetS and its components, the current survey showed positive correlation with BMI, WC, triglycerides, and CAD and a negative correlation with HDL. It has already been shown that hyperuricemia is positively correlated with MetS. 8) Specifically, deposition of visceral fat can aggravate the lipid profile and increase the concentration of insulin through a reduction in renal excretions, resulting in hyperuricemia. 13) In addition, increased uric acid is an independent risk factor for cardiovascular disease due to its mechanistic role in atherosclerosis through removal of nitric oxide 13) and its relationship with small, dense LDL and HDL cholesterol particles. 29, 30) A mechanism that explains the correlation between uric acid and triglycerides has not been found, 31) although lifestyle and genetics may be crucial. 31) In general, uric acid has been characterized as an indicator of triglyceride level. 32) In the present study, uric acid also was positively correlated with GGT and ALP. A possible explanation is that secretion of uric acid may have a negative impact, predictive of complications of MetS, due to oxidative stress. 7, 8) Additionally, oxidative stress and insulin resistance play crucial roles in development of liver diseases. Hyperuricemia, which reflects the procedures of oxidative stress, is therefore thought to be a risk factor for NAFLD. Uric acid level could be characterized as an indicator of liver disease. 33) Obesity and central obesity are included in the predisposition parameters for MetS. To investigate the role of these parameters in correlation with TG/HDL ratio and uric acid as aggravating factors for metabolic disorders, statistical analysis was performed categorizing children according to BMI% and WC%. This analysis showed only uric acid to have statistically positive correlation with triglycerides and CAD in overweight children and children with central obesity. This observation implies a need for obesity prevention, as it appears to be an independent risk factor for endothelial dysfunction.
According to the IDEFICS (identification and prevention of dietary-and lifestyle-induced health effects in children and infants) cohort, MetS score depicts a positive trend with child age. 34) Age also plays a crucial role in NAFLD acquisition, as fatty liver prevalence increases with age. 35) The positive correlation of congested lipid profile with MetS can be understood from the MetS components, 2, 9) while a predisposition may signal the beginning of a vicious circle that exists with NAFLD. 36) Taking into consideration the data mentioned above, it was possible to hypothesize that children ≥ 9 years old or predisposed to MetS could see greater impact on biochemical markers from TG/HDL ratio and uric acid. However, apart from GGT and total cholesterol levels (which were correlated with TG/HDL ratio in older children) and uric acid (which was correlated with TG/HDL ratio in younger children and children without predisposition for MetS), both studied parameters affected anthropometric characteristics and lipid profiles in all studied categories, indicating the importance of both indexes as early indicators for metabolic disorders.
The current study presents some limitations. More children could have participated in the study if their parents or guardians had agreed to participation in biochemical analyses. In addition, Laconia is a Peloponnese county, and the results cannot be generalized to the whole country. Further research is necessary to establish the exact mechanisms of TG/HDL ratio and uric acid action.
In conclusion, the studied parameters appear to be important predisposing factors for metabolic disorders. Specifically, TG/ HDL ratio and uric acid may be early predictors for MetS, as they indicate endothelial dysfunction, predisposition for www.e-apem.org cardiovascular complication, and hepatic dysfunction from early childhood. Age and predisposition for MetS do not appear to differentiate as early predictors.
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